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PROBLEMS AND CONTROL OF LEAKIKG ARTESIAN WEU.B -/
By Herbert A. Walte -/

In the early days of groundewater development in Utalg/ there was
no rerulation or control of the types of wells that were ;onstmcted or
of the &rillers that put down wells, end many wells vere placed in operution
that would not neet precent-doy ctand...rds. In many ar‘tesian ereag, for
exaxple, welle vere drilled hundreds of i‘eet into thz unconsolidated

valley alluvium and were finished with only a fevw feet of casing in the upper

e
\% Jd part of the hole, Most of these have long since lost tﬁeir identity as -
Q\ﬂ flowing vells and novw appear &s iarge "blus gprings," in the niddle of
BE swarpy areas, In other instancgs, inferior we).l czsings have become 1
E‘i corroled alter long years of use or havo become badly damaged, with the ‘5
\g;:: regult that these wells also are uncontvollable in their present condition. ;
é\? It was estimated in 1940 that more then 27,500 wells were in operation in ;
gg\ Utah, and that as much as 40,700 acre~7cet of ground vwater was being o

\ vasted annually from uncontrolled and izsking flo }‘mg wells, This waste b
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apreseuted-sbout 25 percent of the total, ground water used in the Btate. N
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t‘; Q) Of thig quantity en estimated 15,000 ccre-feet of water was wvasted by = =
-‘L‘\‘; el f B0 o
;“R' y persistent-vielators who falled to cloge their vwells, and an estimated N
S Lg . :
Q..': < ,L 25,700 acre~feet of water was wasted from wells that could not be controlled
<X e
\ d » .
%‘f‘;@ because of quicksand conditions or because of defcctive welle or casings.
g,?, g ¥ It vas also estirmated that the annual rental velue of this wasted ground
X R .
w > N -t
“‘1‘\;‘%;.‘ water would amount to approximately $32,000, and that she aalvage—J this
\“‘\. v vf'ﬂ«f‘n{?._(,k,(“ L2IRL & 3""!'7 "suﬂt)
vg{ Q\; wvater s undoubtedly,)the cheapest of all ,)vater %ailable to users in the
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Vhen the first vells were drilled in Utsh they were usually allowed
to flow continuously with 1little or no attempt %o close them dwring
periods of 'non-use. As long as there vere but few wells flowing, little
decrease in ground-voter pressures was noted. As drilling continued,
however, the nced for the control and repulation of ground-uater use
end development became apparent. Tlmé , the ground-water law of the
gtate of Utah was pacsed, and became effective March 22, 1935. This
law placed upon the individuzl well cwrer the vesponsibility of
controlling the fiow of ground water » &und specificd that no well chould
be elloved to flow or be pumped when the water could not be put to bene-
ficial use. Thug, aceording to the lsw (Tracy, 1953, P« T), "All waters
. in this state, whether above or wnder tha ground cre declsrel to be the
property of the public . « o" and "Bencuicial use ghall be the basis, the
meacure and the limit of ell rights to the use of vater in thic state."
By this law, t.‘m}%ate Engineer wac assi;ned the responsibility of adminig-
tering the nevly created state vater laws, and specificall;sc[ ;’- d;o/;preven'c “"‘(‘f
vaste, loas) or pollution of both surfare and underground water. Shus, the
systematic inspection of all wells was neg\m'.in the gummer of 1935, and
the prodigious prbblem of bringing under control all wasting vells was
soon realized, '

The waste of underground water car.ot elways be controlled by merely
asking the well owner to close the velve on his well., Where wster comes
to the surface areund—the ocutside of the casing or through a hole in the
ground vhere the casing once was, the only satisfactory method of control
18 to place a vater?ight plug around theA casing or in the 1191@ ’ 'Juat

belov the Lmpervious confining layer which formerly held the water under



pressure. The plugzing or sexaling of flouing wells frequently requii-ea
expensive machinery and equipnent, For this reason, end becousec of a

lack of experience and technicel knowledge, well owners have been uncble
to cope vith the problem of leaking veils, end as &8 last regort, have
turned to the State Engineer for help. Thus, little was eccomplished

in the way of sealing wasting wells in Utah wtil pascage of en enaibling.
aot by the State legislature in 1945, This act provided the State Engineer
with funds for the purchase of necessary equipment and with the esuthority
on behalf of the Stave to enter into cooperative agreements with the well
ouners, Thus, the lov reads, in part (Trocy, 1953, p. 19)1

"13-2-21, Artesian Wells - VWosting Public Water « State

fogineer, Fover vo Plug, Repair or Control - Cooperative

Agreements with Owners.

“The state engineer 1s authorized to plug, repair,
or to otherwise control artesian weila vhich are wasting public
vater., Hs may, on behalf of the state, enter 1n1;o cooperative
agreements with well owners by the terms of which the state may
agree to provide all necessary equlvment and supervision for
such well control operations or gh2ll othervise sha.z-é the expense

- and the well owner shall supply materiscl in an amount not to exceed
$50.00 for each well, end power, provided that the state engineer
shall exercise all reasonable precautions to preserve the flow
of vater from such wells.

YAbandoned wells on public lond may be plugged entirely
at the expence of the state, V¥esting wells on private lands
whic.h cannot be plugged under cooperative agreement with the ovmer
of the lands or wells, may be plugred entirely at the expensc of

the Btate, # ® ® The stote enginéer, through the state department
a3e
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of finence, may purchace punps, compressors, and ell other
necessary equipuent end material and may employ &1l necessary
aseistance to enable him to pecform his dutics under this act,®
During the summer of 1945 the program of plugging and
repairing leaky vells was begun, and thae 8tate Engineer's office furniéhed
a "mud Jack" machine and two traincd nen to assist well ovners in cone
trolling their vasting wells. All materials used were provided by the
well owmers, and nev replacement wells were drilled at ﬁi}; ovners'
expense, During the 9/years from 1945 to 1953, mcli‘fL the Btate
Engineer's office has assisted in the sealing of 367 wells ,. which were
flowing a cocbined total of 23,285 gallona per winute, or approximately
) 52 cublc fest per second, Thus, the water from these wellz that previously
vasted 4s now being stored in the ground for subsequent use, Many well
owners, who previcusly let their wells flow the entire year because (hey
were not consclous of the wastage of underground water, now close their
fella vhen the weter cannot be uped bemfiéially. Under this type o’
manageument, these artesian basing are cperating as sxtensive undergiround
storage reservolrs during periods of little or no use, and ssveral times
52 second-feet of salveged ground vater is being put to bensficlal rse,
' At first, many well owners were doubtful that wells such as the
one shown in Slide 1l could be successfully controlled.
Tﬁis ;:hows & well in northern Utah Ccunty in ghich
the unper part of the well cd bing has completely corroded
away, allowing the ground water to flow from theA ertesian
wgter-heariné strata to the gsurfece of the ground by coming
up around the cutside of the well casing. This was originally

& 2-inch cased well, but wncontrolled flow bas carrled with it
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greet quantitics of sand and gile, causing the ground ‘o
cave. As a result, a hole approxtmately ll;( ,} in dilamcter and

R}
25‘\:"1;. deep/ vas erected, from which wauer cu. the rate of 160

1

eallons per minute &’%mw{ The quantity of water that is discharged
from 8 hole like this in a year is very lerge 23 conpared with
" the portion beneficizlly used to irrigate the land, In mony
places such flows hove chuged large swarpy ereas end have
made 1f recessary to abandon valuaule farn Jiand.‘

Slide 2 ic a picture of en 0ld well near American
Fork, Utah that wastes ebout 110 gallons per ninube Trom & hole

p)
2\’)@. deep by 20 i‘\t\‘ in diameter. The water flowing from this

- ,rn.f, e g AL

"blue spring® preventaq3 :;crea of land frembrbrz-euitivateds

| flide 3 1s o ploture ¢l an excellent erop of onfons
grown during 1948 on ground that eppeared as 1t did in £lides 1
and 2 during 1946, In the lower right hand corner of Slide 3
wvas a large hola ecaused by an uncontrolled well that made a
swvarp of the lower h3lf of this onion field, ond prevented {he
field from being cultivated in its entirety. . |

On the property/ part of which is shown in Slide h,‘

there formerly were L6 emall wells that flowed from around
" their respective casings, and also, one large "blue spring”
in the upper part of the field plmilsr to that shown in Slide 1.
For as long as can be renmerbered, this pilece of property wr;;.?;:d«-
& poor end svwarp¥ pesture, In 19?&7/ these wells were sealed and
the land has since dried and been cultivated, Roots and sod of
this earlier evemp orea are noted in the picture, and a young

cabbege patch eppears in the background, The entire field of

.5~



1C5 acres of rich goll is now veing culllvated, It woy _
be of interest vo note taal four several yvere vany truc:‘ cads
of turley fezilers were Lauled from a nearby processing plant
to tals ficld 1o add huzus to the leovy clay goil,

,,S,l}“:i'?mi chovws a large new well drilled near the
aeva=Colu.ola Steel }Nlll, in Utsn Co*ant:,} as e rcpleccoent
for two 0ld vells that were permznently sealed and sbandoned.
Near the fcuce coraer chowa at tha left of the pictuf:f : :ﬂtl;er;eﬂ et

tvo 0)ld wells had developed t© conditions siliailar to,kslides
1 and 2, This new 8-inch well yields 700 gallons per minute
end can be coutrolled by the clanp device shown et the ripght
of the well, The quantity of watcer required Ly this farcer
rerresents spproximetely one-quarter of the total amount
diccharged by the two avandoned wells in & year's time,

Twentye-tiree ot‘}_:g_xj__”__yel_l.l;‘.&féera égaiéé in ihe 'm\nedia;tk.é 'v‘icini‘tf ’,‘-

. —
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Tof this vell; with a conbined discharge of 3,790 gallons per

mimte.?As a result, groundewater pressurcs have increased

g

conslderably throughout the area, a?d the nev replacezent
&L ~L i o : .

wels yleld spproximate) -3/3-more water ) during ths period
they are open, tnan flowed formerly from the &4 wasting wells.
Tae underground reservolr is aow 'siorirxg water during periods
of 1little or no use, Olmiler results have beea experienced
in several other paris of the Btate.

gllde 6 shows a well near Lehl, Utah,that is connece

p«l‘?"v‘f(.; e gt e T Aot L lee [
. St
tad to the mud Jackquith the usual flcxéblevhose nock-up. This

mudgjack is povered wiilh a gas engine and is cqulpped with dual
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mud pu.:xps/ A claye-ceaent grout is pumped through the A
hose under pressures of ac inich as 250’:1£«.~;. per square ;
inch, Undér such pressures, grout is forced into every '
erack and crevice in the uaderground systen, and in most
instances is forced to the land surfaca arocund the casing
beifore the pwiping is stopped.

8lide 7 shows & 3-inch well af‘ter grouting has

e T .
been eompleted. The mudegrout can be seen around the casing
where 1t has cose up to ths land surface. In soxe 1lnstances,

the entire area around & well will be he:_wed xgpw&rd by the

' mud pressures below. In other 1nstance§, the grout will

bresk through to the surfece along erecks or "gopher holee“// -
sor:tines more then 100 feet from the well, |

Qhe-—ixzrjﬁg;tyvf wvelds plugged to date have taken
lecs than 10 cuoio yards of clay c;rouifg @l;tcly P11
the casing and underground cavitg)\ A few wells, however, have
tazen more then 100 cuble yards of grout, and one well took
134 yards before grout began showlng on the surface,

Clean clay 1s reuadily svailloble in most e.rea.a P

ottt 8 T ks ,; AA-#*‘J—*-

vhere well plugging has been dons (Bonmville Glays o
Freauently cement is added to the clay, and in a few instances
where additional weight has been required to hold down the
high artesian pressures, bentonite and/or crushed emelter
slag has been a.ddedl.

£lide 8 shows a replacement well in Vineyard, Utah,
vith & pressure head of nearly LO feets This is in en area
vhere formarly a number of leaking wells had kept the artesian

precaure much lower,
u?-
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Not &8l) pgrounde.water leskezze in defective wells occurs on the
surface of the lond vhere it can be readily detected, All toofrequently
leaking occurs below the surface, from one aguifer to the rext, or as
an interniying of cevernl wndersround souvrces of uxter, This ray be
causcd by the ivoroper drilling of a vell, _t::; may result firem the cacing

Ad P Yo sriee ke
being perforated in andesirsble zon{aﬁs , or Trom the deterloration of the
casing in zones that had originnlly been casced off, In such situations,
the lenkrze ecan usually be corrected vhen reeopnized, hut 1t is first
neceeaary to determine the noture and the position of the lozkg in tha
well ¢en sh A few rennrke recording the deteption of subowrfece leakage
in ¢ defective well mmy be of interest here,

Occarionnlly s one gtands neer a well in which the water level

egtands som: little distance below land surface, the sound of falling

vater can Ye heard in the casm{;. This sugzests that vater fror one

. 4,;1L ‘.'"»,’

aquifer o’ a higher level 1s eireulatin - with-the uater -4n- a lower
aquifer, 'his intermixing of u,xd?rc;roxmd \vaters[zguld p*obnblﬂ not be
detected hzd:;;t—the sound ;e; :z.udi‘ble rt the surface, The same type
of intermi=ing occurs without detection in many other wells. Thus,
it may occur in flowing artesian wells, in pumped wclls, and perheps
also// in many wnured and abandoned wells which eppeor harmless and
inoffensive, Where underground leakarze in vells 15 suspected, speeial
. tests ruat usually be mde, f often using gpeelally designed equipment,
to deternine t(he extent of leckere in the well and the position in the
A e
casingy "bha,t--leclmge occurs,
In general, two types of measuring equipment are cormonly used to

deternine subsurface ieakago in water wvells:
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il (1) Equipument that neasares changes in woter velocity

_ 4in the casing, at depth, and

s

& v (2) Instruuents thot deteraine chonges in woter quelity

# -3 .Y, «’v"'t."-
st (fym...:?éfw?/ or temperature at varying deptis in ths well,

J
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In either tyve of survey, the size ond position of openinzs
in the well cosine s susrested fron measured clignges in water orlity
or velocity, and the guantlty of water either entering or leaving the
cacing uay be estimated by the mapgnitude of chicse measured changes,
This ic ecpec_ially true 4f the water is circulating throush larpge,
vell-defined openings in the casing,

Several reports have been published deseribing mothods of testing

vells for underground leakage. A feu rcferences are included in a

bibliorraphy ot the cnd of this paper,

Velocity/,‘_n'(vrveys. - The use of a velocity-type meter for finding
Jeaks in water‘ wells dates back to sbout 1910} when several types of
metere were developed, including the Price current meter that is in
general use in measuring surface stroeuns (Livingston, 195%, pe 13).

It wa nét p.ntil 1925, however, that a satisfoctory veloclty reter was

developed(', that could be lowered elfic icntly-mlizh e well, Por o detalled
ground-vatef study conducted by the U. 8. Geclogicel Burvey in the

Roswell ortesian basin, New zzexicc}{ (Figdler,c.nd Nye, 1333, perl3h),

a new / deep-wep. current meter was devigned and consiructed, and has

pince been uged in the exploration of nurierous wells in other ereass

glicde 9 chcws the three elements of tiils Au deep-vell

meter, nomed after its deoigner, which when asscibled is lovecred
into the casing on a cable, As the upward moving water rotutcs the

iapeller, an ermature also turns, and a clicking icpulse is trange

.9-



mitted to the eorphones of the ope.mtor standing over the well,
EEEE_}B__“ the same instrument asgermbled. In exploring

o \gell/ the meter 1c let down & little ot & time, agtd velocity

obscervations are mole et recular intervels to determine points of

leakasce, In s nonflowing vell/ no velocity will be noted wmtil e leak

‘AQJF{:!_;!,/‘.C/OO
is encountered, while_in & i’lowing vell a lkak is indipnted by a-w
ﬂfﬁ((((“/o (,\4 Ry :_7‘(/( Mradn, -0 (‘Mvﬁ’/}'l(,ﬁ’}cb’ (ﬁf)ﬂ& k/;/ H

chenge in velocity. It s mter-be'—v.rinv strotun vhieh supplies water
vtntf'f“—f s ,uaH o (3«1(/ A1 oHC 4—/{. 1«5’,(:-/)1 LY;TU
to the well is p.ased , the meed oi’ the L'*pell/ﬁ" vheel will deerease.
A veloegily curvey is ordinarily storted ofter all flow from the
vell hog been ghut off et ground level., The meter is lowered slovly
("L{f;'.AL(‘E-C/VC‘;?‘«";(/-’I‘-’—""(:tr('f‘,(‘: P le2 /~~"l’ PP VR PP (.tﬁ
and the revolutions.are obeerved. At intervals of 10 to 50 feet, the
nmeter it held at some known depth for & few minutes while the rpm (4£f any)
are counted, If e change in the rpm i found, intermadiate positions
pre tested until the point of leakase 1rg determined., When an incrense
in veloelty i1s found between two water-b:aring beds, 4t moy be necegsary
to know the direction of movenent. If the rpm are carefully observed
while the mster 1s being lovered at a eonstant rate through that egection,
[ VR 7'/? eV
and f—eorr ared—dth-—the-rpu-of-themeter vhile 1t 42 beiny raised at
en equally constant rate, the direction of flow can easlily be Jetermined, .
Lra yHitEie G l(fu.»&‘f'/nc,e‘-w:,mu
Obviously the meter will have-ihe lesmser-rou-as:1t moves in the direction
of the flowing water, It is importoant to have information on the sizes
of easing in the well, bepcuse the velocity of the water in the bore of

AL

tha well vwill be 1n‘Atpronor'tion'~'Qto the cross-sectional erea of the casing,
Batisfactory velocity surveys can be nade in wellfs io determine the
relative amount of water contributed from esch vater~bcaring bed. This
1s done by lowering the Au deep-well neter in the open well and then by
sotting the pump, The pump ie started while the meter 1s at the botton

w =10~



of ths well, The meter is raised, and velocities are determined at the
points dcsired. Care should be taken to provide extra weight on the
meter to keep it from being drawn towsrd the pwsp by the upvard fiow
of vater., Bpecial care should also be taken to protect the cable
vhile ¢hs punp s belng lowered in or removed from the well,.

Very small rates of leakagé, as emall as & gallon a minute, can
be found by placing a packer between the meter tube a.nd the inside
of the casing. %uus, the entire flow pesses through the meter. The
packer chould never be lowered below the lower end of the casing in o

_ ol o )J-;Hw:/??’.*/i

unconsolidated material, because the packer invites caving es it ruﬁ}d
against the unprotected ’cfore of the well.

Quality of water and temperature curveysy .- iIn umany areas Z the waters

from different aquifers differ considerably in chemical quality and/or
temperatwre, and variations in {these characteristics are frequently
used to distinguish one water source from another. Several types of
a‘peeiall.y designed equipnent have been used to mezsure changes in these
: placcoiiak iy ! e
characteristics in a well, and to indicate the position-of water edditiony
QN oo Tlite .
or lossee-Irom-o well., Especially in areas of high chloride contamination)m
' AL '
the "elactrode” aurveys,’used to good advantage, The construction of an
#lectrode that has been used by the U, 8, Geological Survey is shown in
<~ Slige 1. '
AN\ e
% Slide 12 45 a disgram showing the location of sultewater
lesks in three wells,
. AT
The analyses of & number of baller samplea/)at various depths
in & well would provide similor ‘data from which depth curves could be
plotted, This type study would not rely on the properties of conductivity

aloné, and a curve, based on soms key Qissolved constituent in the water,
: “ «lle



mizht dndicate the mixing of two or more waters of varying chemistry,.
_Blide 13 shows the crosssoections of three
flevices used in parmling water at @epth in wells,
Not all lecknpre -and contamination in weter wells
occurs through perforations placed in the cacing et the time
of drilling, Three slides are ineluded here to ghow the

ésteriorated condition of well casing efter a fev yeers of

use. <§m, 5, #16.)
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